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(57) Abstract 

A method for generating a timing signal of a base site, each base site receiving an external high accuracy signal (218) for using as a 
first reference signal. In order to ensure the synchronization of (he base sites in all conditions the method comprises the steps of: comparing 
a primary clock signal (210) with a secondary clock signal (212) for producing an adjustment signal (217); adjusting as a response to said 
adjustment signal (217) the phase and frequency of the secondary clock signal (212); storing an adjustment signal information in a memory 
(203); in the presence of the external high accuracy signal, selecting the primary clock signal (210) as the timing signal; in the absence of 
the external signal, selecting the secondary clock signal (212) as the timing signal. 
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APPARATUS AND METHOD FOR SYNCHRONIZING BASE SITES 
INDIVIDUALLY IN A COMMUNICATION SYSTEM 



TECHNICAL FIELD 

3 The invention relates generally to synchronization in a communica- 

tion systems, and more specifically to synchronization of base sites within 
communication systems including at least one centra! site and a plurality of 
base sites. 



10 BACKGROUND OF THE INVENTION 

In some communication systems, specifically in cellular radiote- 
lephone systems, absolute timing between the base site and a subscriber 
unit is essential for effective operation of the system. Particularly in a code 
division multiple access (CDMA) digital cellular radio system this is manda- 

15 tory, because in the system a functional base site has to be synchronized 
within 4-/- 3 |is of the GlobalPositioning System (GPS) time. As a result of 
this, the base sites are synchronized to each others with a great accuracy. 
The accuracy requirement is essential to achieve because deviations in 
timing and synchronization will deteriorate the performance of a CDMA 

20 radio system which is experienced as poor service by the subscribers utili- 
zing the system. The requirement is vital, not only regarding communication 
between a single base site and a personal station, but especially when two 
or more base-sites are communicating with one personal station. This is 
very true, since CDMA personal stations are capable of diversity receiving 

25 transmissions from at least two base sites, and are able to make reception 
decisions upon either one, or both, of the transmissions. It is evident to 
achieve this purpose, that the two base sites transmitting a signal are 
synchronized absolutely in time so that the subscriber unit may receive both 
transmissions at the same time and perform reception as required. 

30 A typical solution for achieving the defined synchronization to the 
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GPS system time is to arrange a GPS receiver on every base site and utili- 
ze the signal outputs from the GPS receiver to synchronize the base site ti- 
ming. However, several failures can occur in the GPS system. For instan- 
ce, GPS may go out of service either by compulsion or because of service, * 
5 the GPS receiver on a base site may become faulty, the GPS receiver on a 
base site may be having service, or there may be an antenna or a cable 
failure on a base site. Moreover, there may be countries that are not able 
or not allowed to receive the GPS signal. Therefore some backup method 
for such situations is necessary. 

1 0 Different methods have been evolved as techniques to backup the 

synchronization in cases, where GPS synchronization is not possible. 

Firstly, high-accuracy clocks or oscillators (Rubidium clock, for 
instance) can be Installed on base sites. This method increases the comp- 
lexity of the base sites in the form of increased number of units. It also adds 

15 substantially the cost of a base site, which together the fact that the method 
reaches a limited accuracy only and, following, a limited back-up time, 
means that the method is not efficient. 

Secondly, a central high-accuracy oscillator can be utilized, fn that 
case, means for carrying the synchronization and timing information from a 

20 central site - or from number of central sites - to remote sites have to be 
developed. Such means can be difficult and costly to build, and certainly 
increase greatly the system complexity and the effort required for main- 
taining the system. 

Thirdly, it is possible to use external signals received on base sites 

25 as reference signals or as signals to which to synchronize the base sites. 

Such external signals can be signals received from the terrestrial transmis- 
sion networks or alternate signals received from the air (alternate to the 
GPS signal). These signals, however are not accurate nor stable enough, 
and cannot be used as such. If systems are built to characterize the signals 

30 on a site basis, these systems always add to the complexity and cost of the 
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system. And there is always at least the extra cost that comes from adding 
additional units (receivers) in the base sites. 

Lastly, different scattered network elements like base sites can 
send bit patterns over the terrestrial transmission network towards a central 
5 site (MSC, Mobile Switching Center, for instance). The central site can also 
send bit patterns towards the scattered network elements. At the receiving 
end, the bit pattern is looped back. By comparing the sent and received bit 
patterns and the delays between times of sending and receiving them, the 
network elements are capable of adjusting their timing, and staying in 
10 synchronization. 

OBJECTS AND SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention to provide a re- 
liable synchronization redundancy for an extended period of time, at the 
15 same time maintaining the system design and operation as simple as possi- 
ble and as cost-effective as possible. 

Briefly described, the present invention encompasses a timing unit 
and a method for characterizing - learning - the behavior of a local oscil- 
lator on every base site individually. The characterization takes place sepa- 
20 rately on each base site. The communication system has, coupled to the 
means of learning the behavior of every oscillator locally, a means - on 
every base site - for storing the information collected during the time of cha- 
racterization, and a means for using this stored information on a base site 
to control the local oscillator, when the local oscillator is used as the synch- 
25 ronization source on that base site. Hence, the invention provides a redun- 
dancy synchronization method for using of a local oscillator on each base 
site in a controlled way, the information used for controlling the local oscitla- 
-tar being the information collected earlier of the behavior of this very oscil- 
lator. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 generally depicts a communication system, like a CDMA digital ra- 
diotelephone system. 

Fig, 2 generally depicts a block diagram of a timing unit in a base site. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figures 1 generally depicts a prior art communication system inclu- 
ding a plurality of base sites 101, 102, 103, 104 and a central site which 
can be a mobile switching centre MSC. Communication between mobile 
stations (not shown) and base sites takes place through air. The com- 

10 munication system can be any cellular radiotelephone system, i.e. analog, 
digital, frequency division multiple access (FDMA), time division multiple 
access (TDMA), Code Division Multiple Access (CDMA) . In the preferred 
embodiment, the communication system is a CDMA digital cellular radiote- 
lephone system which is synchronized to the GPS system time. Hence, 

15 each base station is receiving a synchronization signal from a GPS-satellite 
100. The invention resides at the celluiar base sites 101-104 which are 
capable of receiving primary synchronization signals 105-108 from the pri- 
mary synchronization source 100. 

Fig. 2 depicts a timing unit according the present invention. The 

20 timing unit resides in each of the -base sites 101-104. The unit includes two 
clock signal generators: a primary clock signal generator 200 and a secon- 
dary clock signal generator 207, The primary synchronization source of the 
primary clock signal generator 200 and thus of the whole timing unit is the 
GPS receiver 206 receiving the external high accuracy synchronization 

25 signal 105-108 from the GPS-satellite. From the GPS receiver 206 the high 
accuracy synchronization signal 218 is applied as a first reference signal to 
a primary clock signal generator 200 which generates a primary clock and 
synchronization signal 210. Hence, the primary clock signal generator 200 
uses the high accuracy GPS synchronization signal 218 to produce all the 

30 clock and synchronization signals required for the operation of the site. The 
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secondary synchronization source of the secondary clock generator 207 is 
a local oscillator 202 generating a a secondary synchronization signal 208 
which is applied as a second reference signal to the secondary clock gene- 
rator 207. The secondary clock generator produces a secondary clock and 
5 synchronization signal 212. 

Further, the timing unit includes a comparator/controller 201 con- 
nected to the outputs of the clock signal generators 200 and 207. The 
comparator/controller compares the primary clock signal 210 and the secon- 
dary clock signal 212, makes a decision based both on said signals and 

10 information stored in a memory 203, and outputs a first control signal 215 

for a first control logic and a second control signal 216 for a second control 
logic 205. Controlling the first control logic 204 by the first control signal 215 
and the second control logic 205 by the second control signat 216, the com- 
parator/controller 201 selects if the primary clock and synchronization sig- 

15 nals 210 from the primary clock signal generator 200, or the secondary 
clock and synchronization signals 212 from the secondary clock signal 
generator 212 are used at the base site. 

At the initial phase in the life-time of every base site, the timing 
unit and the GPS receiver 206 on every base site are initialized in the way 

20 that the primary clock and synchronization signals 210 from the .primary 
clock signal generator 200 are transmitted correctly, to enable the correct 
operation of each base site. At the very same time, the local oscillator 202 
on every base site is initialized also. The local oscillator is transmitting the 
secondary synchronization signal 208 to the secondary clock signal gene- 

25 rator 207 which starts producing the clock and synchronization signals 212. 
The primary clock and synchronization signals 210 from the primary clock 
signal generator 210 and the corresponding signals 212 from the secondary 
clock signal generator 207 are received by the comparator/controller 201 . 

The comparator/controller compares the received signals 210 and 

30 212. When differences in the signals are found, the comparator/controller 
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201 gives an adjustment signal 217 to the local oscillator 202. As a res- 
ponse to the adjustment signal the local oscillator 202 adjusts the seconda- 
ry synchronization signal 208 f which then will result as alteration in the 
secondary clock and synchronization signals 212 from the secondary clock 
5 signal generator 200. The comparator/controller 201 gives the adjustment 
signals 217 as iong as it takes to make the secondary clock and synch- 
ronization signals 212 identical with the primary clock and synchronization 
signals 210. AH this time that it takes to adjust the clock and synch- 
ronization signals 212, the comparator/controller 201 uses the first and se- 

10 cond control signals 215 ,216 and control logic 204, 205 to secure, that 

only the primary clock and synchronization signals 210 are distributed furt- 
her on the base site, but the secondary clock and synchronization signals 
212 from the secondary clock signal generator 202 are not. 

The primary clock signal generator 200 and the secondary clock 

15 signal generator 207 may physically be implemented as one unit. In these 
logical presentations they are, for the sake of clarity, shown as separate 
units. 

As the time goes by, the behavior of the local oscillator 202 may 
change. This may be due to the aging of the oscillator and changes in the 

20 conditions of a base site like changes in temperature, humidity etc. As a 
result of various changes and aging, the secondary synchronization signal 
208 will vary accordingly and also the secondary clock and synchronization 
signals 212 will deviate. This, however, will be noticed by the compara- 
tor/controller 201, which is comparing the primary 210 and secondary 212 

25 clock and synchronization signals all the time. As a result: each time there 
is a need, the comparator/controller 201 gives the adjustment signal 217 to 
get the secondary clock and synchronization signals 212 to match the pri- 
mary synchronization signals 21 0. 

The comparator/controller 201 not only compares the clock and 

30 synchronization signals 210 and 212 and adjusts, with the adjustment signal 
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217, the local oscillator 202 accordingly but it also memorizes all the rele- 
vant information about the adjustments 217 given to the local oscillator 202, 
All the information stored can contain environmental information { tempera- 
ture, humidity, etc.), the secondary synchronization signal 208 values and 
5 the second clock and synchronization signal 212 values before and after 
giving the adjustment signal 217, the adjustment signal value and the time 
of giving the adjustemt signal. The information is stored into a memory area 
203 reserved for this purpose. This way the comparator/controller 201 has 
always in memory the latest information of the behavior of the local oscilia- 
1 0 tor of environmental changes and of what has been done to keep the se- 
condary synchronization signal 208 correct. Based on the stored information 
from the past the controller 201 is able to estimate the behaviour of the 
local oscillator in the future if one or more of afore mentioned parameters 
will change. 

15 Whenever there comes a failure in the primary clock and synch- 

ronization signals 210, the comparator/controller 201 recognizes the situati- 
on, and uses the first and second control signals 215 ,216 and the first and 
second control logics 204, 205 to activate the distribution of secondary 
clock and synchronization signals 212 and to deactivate the distribution of 

20 primary clock and synchronization signals 210. It is worth to note that the 
secondary clock and synchronization signals 212 have been available all 
the time and therefore the switch-over to use them happens transparent to 
the_rest of the base site. 

As the secondary clock and synchronization signals 212 are distri- 

25 buted to the base site, the information in the memory 203, collected earlier 
about the behavior and the nature of the local oscillator is now read via the 
line 214 by the comparator/controller 201 from the memory and used for 
forming an adjusting signal 217 to the local oscillator. 

This method of memorizing the behavior of each local oscillator 

30 individually makes it possible to tune the secondary synchronization signal 
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individually, accurately on each base site, and justifies the method as a 
good long-term backup solution. 

The secondary synchronization signal 208 from the local oscillator 
202 is used as long as necessary. After the primary clock and synchroniza- 
5 tion signals 210 are available again, the comparator/controller 201 uses the 
control signals 215 and 216 and control logics 204 and 205 to activate the 
distribution of primary clock and synchronization signals and to deactivate 
the distribution of secondary clock and synchronization signals. From here 
on, the operation continues as normal; the primary clock and synchronizati- 

10 on signals 210 are used, the comparator/controller 201 compares the pri- 
mary and secondary clock and synchronization signals and gives adjust- 
ment signals 217 to the local oscillator, memorizing the necessary informati- 
on about the adjustments and environment. 

It is possible and an option, to use more than one local oscillator 

15 per base site, combined with the similar characterization logic, to add more 
redundancy to the system. 

The proposed method and apparatus have many advantages in 
comparison with the prior art timing systems. No external arrangements are 
needed for the synchronization, there is no need to receive other signals 

20 than the GPS signal, which is received anyway in a CDMA system. There is 
also no need to arrange extra transmitters, receivers or antennas, or signa- 
ling protocols over the terrestrial transmission network. The method is very 
cost-effective, the price of the hardware required for implementing it, and 
that design work for the Comparator software will certainly be lower that the 

25 price of extra receivers or transmitter on every site. From operator point of 
view, this is much easier and cheaper to manage than methods utilizing 
terrestrial transmission networks. Cheap oscillators can be used, instead of, 
e.g. expensive Rubidium Clocks. 

Further, every base site, i.e every Local Oscillator, can be treated 

30 as an individual. Thus, great accuracy can be received even with the secon- 
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dary synchronization signal. The limit for the accuracy is only the logic used 
for learning and memorizing the behavior of the Local Oscillator, and the 
size of the memory used for storing the local oscillator adjustment data. The 
method gives redundancy, not only for cases, where the GPS signal ts not 
5 globally available, but also for cases, where there is a failure in one or more 
sites GPS receiver antenna, or in the cabling from the antenna, or there is a 
failure in the GPS receiver itself, or in the primary clock signal generator. 
The proposed method is totally independent of the terrestrial transmission 
method used, it is available very soon after the base site installation. After 

10 the base site has been installed, powered on and partly initialized, the pri- 
mary clock and synchronization signals can be delivered already, and com- 
parator/controller can start memorizing the adjustment data. Thus, the met- 
hod works even on a stand-alone base site. Good point from the point of 
view, when new base sites are taken into use, and they are installed and 

15 commissioned well before connecting to the terrestrial transmission network 
and to the rest of the infrastructure. 

While the present invention has been particularly shown and desc- 
ribed with reference to the preferred embodiments thereof, it will be under- 
stood by those skilled in the art that various changes in form and details 

20 may be made therein without departing from the spirit and scope of the 
invention. 
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What is claimed is: 

1. A method for generating a timing signal of a 
base site in a communication system including a plurality 
of base sites (101 - 104) , each base site receiving an 
external high accuracy signal (218) for using as a first 
reference signal for a primary clock signal generator 
(200) , characterized in that method comprises 
the steps of; 

comparing a primary clock signal (210) from the 
primary clock signal generator (200) with a secondary 
clock signal (212) from a secondary clock signal generator 
(207) ; 

producing an adjustment signal (217) which is 
proportional to a difference between said clock signals; 

adjusting as a response to said adjustment signal 
(217) the phase and frequency of the secondary clock 
signal (212) so that it locks to the primary clock signal; 

storing an adjustment signal information in a 
memory (203) ; 

in the presence of the external high accuracy 
signal, selecting the primary clock" signal (210) as the 
timing signal; 

in the absence of the external high accuracy 
signal, selecting the secondary clock signal (212) as the 
timing signal and generating new adjustment signals based 
on the previous adjustment signal information stored in 
the memory (203-) . 

2. A method according to claim 1, charac- 
terized in that a second reference signal for the 
secondary clock signal generator is generated by a local 
oscillator (202) . 

3. A method according to claim 2, charac- 
terized in that the adjusting step includes the 
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step of applying the adjustment signal to the local 
oscillator (202) for adjusting its phase and frequency* 

4. A method according to claim 1, charac- 
terized in that information on environment is also 

5 included to the adjustment signal information, 

5. A method according to claim 2, charac- 
terized in that the adjustment signal information 
is comprised of characteristics of the local oscillator 
(202), said information being formed while the external 

10 high accuracy signal is present. 

6* A method according to claim 5, charac- 
terized in that the characteristics of the local 
oscillator (202) are based on the local oscillator's 
responses to the adjustment signals. 

15 7 , A method according to claim 1, charac- 

terized in that said producing step includes a step 
for producing a first control signal (215) and a second 
control signal (216) as a response to the failure of the 
external high accuracy signal. 

20 8. A method according to claim 2, charac- 

terized in that said selecting step the secondary 
clock signal (212) is selected as the timing signal as a 
response to the second control signal (216) , and the 
primary clock signal is deselected as the timing signal as 

25 a response to the first control signal. 

9. A timing unit for generating a timing signal of 
a base site (101 - 104) in a communication system, the 
base site being capable of providing a primary 
synchronization signal which is locked to an external high 

30 accuracy signal (218), characterized in that 
said timing unit comprises: 

a comparator (201) for comparing the primary 
synchronization signal (210) with a secondary 
synchronization signal (212) and for providing an 
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adjustment signal (217) which is proportional to a 
difference between said synchronization signals; 

a secondary clock signal generating means (207) 
connected to the comparator (201) for providing the 
5 secondary synchronization signal (212), the phase and 
frequency of said signal being adjustable with said 
adj ustment signal ; 

a controller (201) for selecting the primary 
synchronization signal (210) as the timing signal when the 
10 external high accuracy signal (218) is present, and for 
selecting the secondary synchronization signal (212) as 
the timing signal when the external high accuracy signal 
is lacking; 

said controller (201) also learning characteristics 
15 of the secondary clock generator means (207) and storing 
said characteristics as an adjustment signal information 
in a memory (203) and, in failure of the external high 
accuracy signal, generating new adjustment signals based 
on the adjustment signal information previously stored in 
20 the memory (203) . 

10. A timing unit according to claim 9, char- 
acterized in that the secondary clock signal 
generating means includes a local oscillator (202) 
connected to a secondary clock signal generator (207) , the 

25 phase and frequency of said local oscillator signal being 
adjustable with the adjustment signal (217) . 

11. A timing unit according to claim 10, char- 
a c t e r i z e.-d in that the controller (201) collects 
data of the local oscillator's (202) responses to 

30 different parameters including the adjustment signals and 
environment factors and based on said data calculates the 
characteristics of the local oscillator. 

12. A timing unit according to claim 9, char- 
acterized in that said unit further comprises: 
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a first logic (204) for connecting the primary 
synchronization signal (210) to the output of the timing 
unit as a response to a first control signal from the 
controller (215) ; 
5 a second logic (205) for connecting the secondary 

synchronization signal (212) to the output of the timing 
unit as a response to a second control signal (216) from 
the controller (215) . 
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(57) Abstract 

A method for generating a timing signal of a base site, each base site receiving an external high accuracy signal (218) for using as a 
first reference signal. In order to ensure the synchronization of the base sites in all conditions the method comprises the steps of: comparing 
a primary clock signal (210) with a secondary clock signal (212) for producing an adjustment signal (217); adjusting as a response to said 
adjustment signal (217) the phase and frequency of the secondary clock signal (212); storing an adjustment signal information in a memory 
(203); in the presence of the external high accuracy signal, selecting the primary clock signal (210) as the timing signal; in the absence of 
the external signal, selecting the secondary clock signal (212) as the timing signal. 
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